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AUTHORS: Rebane, K. K., Purga, A. P., Sil'd, 0. I., and Khizhnya-
© kov, V.V.r

TITLE: On the theory of electronic-vibrational transitions in
crystals and molecules. II. Results of calculations for
different models

SOURCE:s Akademiya nauk Estonskoy SSR. Institut fiziki 1 astrono- V//
mii, Trudy. No. 14, 1967, Issledovaniya po lyuminest- ég
sentsii, 48-75

TEXT: The authors apply the results obtained in Part I / Abstrac-
tor's note: See preceding article cf this journal_7 to several the-
oretical models of vibrating systems, e.g. a luminescence center in
a crystal or an isclated molecule. M. Lax's method-of-moment cal-
culations (Ref. 1¢ J. Chem. Phys., 20, 1752, 1952) are used. The
first four moments of an electronic vibrational band in the Condon
approximation are found for the following: Single harmonic oscilla-
tor; a set of independent harmonic oscillators; a single anharmonic
gscillator with anharmonicity of vibrations taken into account in
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the initial and final electronic states; a system of anharmonic
6scillators with anharmonicity of the final electronic state taken

into account. The Condon approximation restricts the results to the

case when matrices of the electron transitions are independent of

the vitrational coordinates. This restriction is removed in the 1lals

ter part of the article and the authors consider (1) a single har-
monis oscillator and (2) a set of independent harmonic oscillators.
In case (1) the first four momentz of an electronic-vibrational
band are calculated with the electron matrix elements depending ex-
ponentially on the vibrational coordinate. Irn case (2) the first
three moments of an electronic~vibrational band are calculated with
the electron matrix element depending exponentially on the vibra-
tional coordinate. Direct comparison of quantum-mechanical results
ror many-coordinate and quasimolecular (one or several effective
coordinates) models of luminescence centers give the limits of
applicability of the quasimolecular model. Acknowledgment is made
to N. N, Kristofel! and I. V. Aberenkov for discussion of the re-
sults reported. There are 1 figure, 1 table and 39 references: 23
Soviet-bloc and 16 non-Soviet-bloc. The 4 most recent references to
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the English-language publications-read as follows:'J. J. Markham,
Rec. Mod. Phys., 31, 956 (1959); R. Knox; Phys. Rev., 115, 1095
(1959); M. Lax; Photoconductivity Conference (ed. by R. G. Brecken-
ridge), New Yoek, 1956, p. 1115 T. Kojima, J. Phys. Soc. Japan, 12,

908, 918 (1957).
SUBMITTED: dJuly 16, 1960
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AUTHOR: Rebane, K.-S. K.

TITLE? The effect of the excitation intensity and of temperature
cn tne sready-ataue luminescence brightness of ZnS-type
phosphors

SOURCE: Akademiya nauk Estonskoy SSR. Institut fiziki i astrono-
mii., Trudy. No. 14, 196%. Issledovaniya po lyuminest-

sentsii, 260~269 b///

PTEXT: The authcr presents a theory of luminescence of ZnS-type —

rhcsphors btased ¢n a band model with three trapping levels in the

ene*g* gaps Twz electron levels and one hole. The steady-state is
snsidered and it is assumed that (1) trapping levels are almost

’cmpletely filled with carriers, (2) the number of hole traps is

much smaller than the number of electron traps, and (3) the num-

brers of carriers in the conduction and valence bands are much smal-

10“ hau t

T
he number of trapped carriers. Steady-state luminescence
and quantum yield are derived as functions of the exci-
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raticn intensity o and absclute temperature T for strong and weak
ey itasionz, for low and high temperatures. The number of trapped
and free carriars are alsc found as functions of¢l and T. There are
: figure and .G references: 14 Scviet-tloc and 5 non-Soviet-bloc.
Tre references ¢ BEnglish-language publications read as follows:

H, A. Klasers, J. Phys. Chem. Sclids, 7, 175 (1958) and 9, 185
{165G):; C. A. Dutcc, Brit. J. Appl. Phys. Suppl., 47, 107 (1955);
W. Hcocgenstrasten and Heo A. Klasens, J. Electromech. Soc., 100,

2hf (2953},

SUBMITTEDs Juiy 2. 1960
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Q175 i, 1103, 1452)

AUTHORS ¢ ebane, K.-S. K., and Savikhin, F. A.

TITLE: Optiszal quenching and stimulation in some Zn3 phosphors

SOURCE: Akademiya nauk Estonskoy SSR. Institut fiziki i astrono-
mii. Trudy. No. 14, 1961. Issledovaniya po lyuminest-
sentsii, 276-280

TEXT: The authors report measurements of quenching and flash emis-
sion produced by additional infrared illumination during excita-
ticn of ZnS phcesphors with light from a NPK-4 (PRK-4) lamp, passed
tnrough a‘y?(;ngFS-Z) filter. The following phosphors were inve-

stigated: 2ZnS:Zn, ZnS:Ag, ZnS:Cu (10 6 g/g), ZnS:Cu (10 2 g/e),
7nS:Cu, Al. They were prepared by heating ZnS, an activator and
flux in open guartz test-tubes for 30 min at 11009G. Infrared illu-
mination was provided by a 400 W incandescent lamp. A1l measure-
ments were carried cut at room temperature. The results are pre-
sented &s the degree of quenching (quenching spectrum) or the in-
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tensity of flash emission (flash spectrum) plotted against the in-
frared wavelength. The quenching spectra of the ZnS:%n emission and
cf the blue luminescence of ZnS:Cu had one band at 1000-1100 o,
which probatly consisted of two closely-spaced bands. The quenching
spectrum ¢f ZnS:Ag had one band at 800-900 mu and a stronger one at
1200~ 1300 > The quenching spectrum of the green luminescence of
ZnS:Cu had a band at 700-800 mu and a weaker one at 1300 mu. ZnS:
Cu, Al excited with a 50 ¢/s field had a quenching band at 800 mu.
The results obtained for ZnS:Cu showed that: (1) The quenching

and flash spectra of the same luminescence band were not identical;
(2) the flash spectrum had two bands at short wavelengths: one near
the maximum of optical quenching of the green band (700-800 )

and the cther at wavelengths shorter than those investigated by

the authors; (3) a flash band (at 1350 mu) of the green and blue

luminescence of ZnS:Cu (10-'5 g/g) occurred near the long-wavelength
quenching band of the green luminescence; there was no 1350 gu
flash band when the copper content in ZnS was Teduced to 109 g/g,
The authers state that the observed relationships could be accoun-
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ted for by a simple .energy-band model. There are 2 figures a
. . nd
rgferences: 3 Soviet-bloc and 4 non-Soviet-bloc, The feferences7to
}neE§ng%15h—l?nguage publicat%ons read as follows: N, T. Melamed,
. ectromech. Soc., 97, 33 (19%0); E. P. D
o6 sorToneeh, . . ); aly, Proc. Roy. Soc.,

SUBMITTED: January 19, 1961
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AUTHOR: Rebane, XK. K.

TITLE: Allowance for stimulated emission by the method of moments

SQURCE: Akademiya nauk Estonskoy SSR. Institut fiziki i1 astrono-
mii. Trudy. No. 14, 1961l. Issledovaniya po lyuminest-
sentsii, 289-291

TEXT: The present note shows that the stimulated emission which
is important in absorpticn (especially in radio frequencies) is
allowed for in the formulae of the method of moments. Comparison
of the expression for power absorbed by a quantum system in the
dipole approximation with the formulae of the method of moments
shows that the problem of finding the absorbed power integratecd
cver frequencies; reduces to calculating the first moment of the
transition probability distribution. The first-moment formula ap-
plied to an initially excited state yields negative terms in the
sum over energies. These negative terms represent stimulated tran-
sitions accompanied by forced emission. Subsequent calculations
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require determination cf the commutator [ﬁx], where H is the Hamil-
tonian of the system and x is the coordinate operator; the resultd

is independen* of the form of the potential energy. In the case of
a system represented by a Hamiltonian in which the momentum opera-
tor occurs only in the usual nonrelativistic kinetic energy opera-
tor it is found that

Wy =’TNe25/3mc (1)

where N is the number of absorbing systems; e and m are the charge
and the mass of the system; c is the velocity of light; s is the
density of radiation which is independent of frequency. Eq. (1) is
identical with the result obtained by B. I. Stepanov and V. P.
Gribkovskiy for a harmonic oscillator (Ref. 1: DAN AN SSSRS 121,

446, 1958; Izv. AN SSSR, ser. fiz., 24, 529, 1960). Eq. (1) shows
how not only a harmonic oscillator, but any quantum system absorbs
in the dipole approximation. The harmonic oscillator case is dis-

tinguished by absorption at a single frequency w and, therefore,
Card 2/3
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for that oscillator Eq. (1) is also the formula for the power ab-
sorbed at the frequency w. The method of moments can be used con-
veniently %o find the integrated absorbed power (WQ) in the qua-
drupole approximation. The problem then reduces to“calculating
the third moment of the transition probability distribution. Such
= calculation was carried out by 0. Sil'd / Abstractors note: No
reference givenm7 who obtained the following result for a linear
harmonic oscillator:

2
/ = 1 5
Wy wQ € kT/Smec
where T is the quantum temperature of the harmonic oscillator de-

fined by kT = (h /2)coth(h /2kT) / Abstractor's note: An abridged
translaticnu7. There are 4 Soviet-bloc references.

SUBMITTED: February !0, 1961
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AUTHORS : Xebane, K.-S. K., Tal'viste, E.

TITLE: Infrared quenching of brightness waves of the electroluminescence
of 4nS-Cu,Al

PERTODICAL: Referativnyy zhurnal, Fizika, no. 8, 1962, 45 - 46, abstract 8v324 V//

("Tr. In-ta fiz. i astron. AN EstSSR", 1961, no. 15, 172 - 183;
summary in English) )

‘TEXT: The quenching factor of ZnS-Cu,Al phosphors was studied as a func-

tion of the excitation parameters during infrared irradiation of the.phosphors.

The excitation came from a sinusoidal electric field. A number of rules govern-
ing the behavior of the quenching factor are noted. The results are confronted

with theoretical conclusions. There are 15 references. ¢

A. Burlakov
[Abstracﬁer's note: Complete-translation]
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AUTHOR: iebane, K. K.
TITLE: On thne possibility of using induced emission for determining the

emission bands of impurity centers

PERIODICAL: Heferativnyy shurnal, Fizika, no. 8, 1962,- 26, abstract gvi82
("tr. In-ta fiz. 1 astron. AN EstSSR", 1961, no. 15, 209 - 211;
summary in English) ’

TEXT: Attention was directed onto new possible ways, based on the phenome-
non of induced emission, of studying impurity centers,-particularly tne possi-
bility of determining the emission band without having to use a reference source.

[Abstracter's note: Complete translation]
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AUTHOR; Rebane, K, K.
v
TITLE: A semiclassical formula for the nonradiative transition probzibilities

PERIODICAL: Referativnyy zhurnal, Fizika, no. 7, 1962, 17, abstract 74168 ("Tr. .
In-ta fiz, 1 astron. AN EstSSR", 1961, no. 16, 49 - sg; English

summary ) o
TEXT: Simple semiclassical formulas for estimating the nonradiative tran- \//,
sition probabilities are bresented. The semiclassical approximation in the e

given case consists in that some commutators are neglected in the quantum-mechan-
ical expression obtained with the method of moments for the” nonradistive transi-~
tion probabilities. A preliminary discussion of accuracy ang possible applica-
tions of these formulas is made,

[Abstracter's note: Complete translation]
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AUTHOR: _Rebane, K.=%. K.

TITLE: . Steady luminescence of ZnS phosphors as dependent upon the
excitation intensity

PERIODICAL: Izvestiya Akademii nauk SSSR. Seriya fizicheskaya, v. 25,
no. 4, 1961, 479-460

TEXT: The present paper has been read at the 9th Conference on Luminescence
(Crystal Phosphors), Kiyev, June 20-25, 1960. The author studied a band
scheme with three trapping levels, one of which being a hole level, and
the other itwo being electron levels. The corresponding transitions are
graphically presented in Fig. 1. When solving the system of equations
describing the behavior of this model, the possibility of a complete
filling of the hole levels was taken into account. The author examined
the refion of weak and medium excitations, where n, + n,=n can be assumed,

and it was also presupposed that the number of eleciron trapping centers
be considerably higher than the number of hole irapping centers. Under
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these premises, the number of ionized luminescence

_ 1 Ca-4D
"= =7 da—po+t “

1 Ca+D V7 E_7Fa
4 =L 22 —_—— .
! V(2 ey d=—p%

centers ig

Here, o is a quantity wh 1 to the excitation intensity,
Ay.ov.,F are quantities d on a ag long as the escape
probability for electron indicated in the form
7) - Wi(T) + W, (a). Also the following formula ig obtained;
a
-_a+0ﬁ—;9n

T wWi— 3)
LE LA :

ich is provortiona

N

be proportional to the number of
i t I = BnN". At small @, where
F1PYAY

» N grows proportional to YE.

and N~ Ya, the quantum yield will be congt
Card 2/4

If, in addition, (w1-a/n°);>a,
ant: gq = BW16/51W61 = q. With
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growing « the first tery in , » end
¥~ a.  q then increases, As may be seen from (1) ana (3), I(«) may rige
congiderably, Thus, under Certain conditiong, n~a, and if, in addition,
W1(T)< T, (), then I~ a3 ang N=~ a“, Furthermore, it ig eagy, in the
author's ovinion, to show that at riging temperature I(a) is shifted
toward higher a-values. In the range characterized by Wi(T)<:Wi(a), I
does not depend on T. Under well defineq conditions, I grows with rising
temperature, At an incresge of o, the extination temperature shifts torard
higher temperatures, Results obiained here are in good agreement with
experimental results published ,in the literature. 1 the range of strong

temperature extinction, A SR is assumed that W~ exp (-E/kT),

vhere E denotes the depth of the hole trapping levels, then QAaexp(E/ZkT).
In the ensuing discussion, Ch. B. Lushchik points out the imvortance of
comparing the results obtained here with those by 1. K. Vitol regarding
the analogous devendence of photoelectric J i i £ Zns phosphors.
Vitol had get Up a hypothesis co -
while the author of the presgent baper did without one. There are 1 figure
and 12 references: 7 Soviet-bloe and 5 non-Soviet-bloc. The two
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AUTHORS ;s Rebane, K. K. and Sil'd, 0. I.

TITLE: Theory of electron-vibrational transitions in crystals and
molecules

PERIODICAL: Izvestiya Akademii nauk SSSR. Seriya fizicheskaya, v. 25,
no. 4, 1961, 535-537

TEXT: The present paper was read at the 9th Conference on Luminescence
(crystal phosphors). The authors have derived the following formula to
find the moment of first order of the transition-probability distribution

in any quantum system: 5, = é (-1)p(1)5(§‘y )'ﬁl°p PEP v ar (1), where
570 P n II I 'n
II

N A
P denotes the operator causing a disturbance of the transition; HI and B

Hamilton operator for the initial resp. final state; Wn the wave function

of the initial state. Results for various concrete systems, especially
for atoms, molecules and crystals can be found with this formula. The
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application of formula (1) in dipole approximation for the atom at 1 = 1
will yield the known f sum rule of Thomas-Reiche-Kuhn and at 1 = 2, 3, 4
the sum rule of J. Vinti (Ref. 2: Phys. Rev., 41, 432 (1932)). Dropping
the dipole approximation will result in a generalization of the results
mentioned. If a molecule or a luminescence center is considered in a
crystal then the adiabatic approximation is introduced. Here, formula (1)
will be of the following form for the transition from an electron state n

1
1 » nl- e S
to that of n': §) = I;(A)P(I))S@;a M (ﬁ)nn,p Mn,n(R)Hﬁ qanad'ﬁ (2), where

n'n
-,
9o denotes the ath wave function in an electron state n; Mn'n(R) the

electron matrixﬁelemeni of the n»n' transition depending on the nuclear
coordinate R. Hn and Hn' denote Hamilton operators describing the nuclear

vibration in the state n, resp. n'. Averaging formula (2) with respect to
the vibrational states « of the initial electron state a formula is
obtained for n ; n' which corresponds to results of M. Lax (Ref. 3:
J. Chem. Phys., 20, 1752 (1952)). The authors have calculated a number of
various models for vibrational systems in cooperation with.A. P. Purga and

Card 2/3
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V. V. Khizhnyakov (Ref. 4: Tr. In-ta fiz. i astron. AN EstSSR, no. 14
(1961)), and by using the above formula. 1In order to compare theoretical
and experimental results a more precise experimental determination of band
contours is necessary. Quantum mechanics and other effects will appear
more distinct with smaller Stokes' losses which are expressed in the
vibration quantum number. Therefore, alkali-halide crystals of a low
atomic weight, i.e., systems of the NaCl-Eu type, activated with rare
earths, should be suitable to be used for a comparison with the theory.
There are 7 references: 4 Soviet-bloc and 3 non-Soviet-bloc.
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astronaomii, Trudy. no, 18. 1962,

lyuminestsentsii. 57-71.

TEXT :
luminescence of ZnS shows an
intensity of luminescence doe
excitation intensity; 2) the
Strongly on the excitation int
¢xciting light;

Phosphor j

In order

analysig
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to the conduction baad, The dependencﬁfoﬁ luminescence intensity :
and the Concentration or trapped curreng carriers gn intensity of J%/
€xXcitation is similar for excitation in ‘the host erystal and in

the activator absorption band. At high intensities of excitation

" this dependence is different jin the two cases due to the,larger
concentration of holes in the host ¢rystal excitation case,

Formulae are derived for the dependence of the number of ionized
luminescence centres‘on the intensity of excitation and on the
temperature.

There are 4 figures,

SUBMITTED : October 19, 1961
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AUTHORS:' Zabotin, V.M.,'Rebane,wgz—S.K., and Samorukov, V.Ye.
TITLE: on electro-luminescence and éi;;iro—photo1uminescence
SQURCE ¢ Akademiya nauk Estonskoy SSR. Institut fiziki i

astronomii. Trudy. no.18. 1962, Issledovaniya po
lyuminestsentsii. 102-106

TEXT: The coefficient of amplification (or quenching e
arising when an a.c. field 1is applied.to a photo-luminescent
condenser is given by:

e = (Iy,g —VIB ) /'.14’
where IB*’¢> is the intensity of electro-photoluminescencey’ I3
the intensity of electro-luminescence, and I© the intensity of

photoluminescence. The .effects of ultraviolet irradiation were
investigated on the following phosphors: (1) an-(lo‘3 g/g) Cu,Clj;
(2) ZnsS-(0.05%) Cu, {(0.9%)Mn, Cl; and (3) ZnS=(0.2%) Cu,

(0.05%) Al, For phosphor (1) for all values of intensity of I¢
and I, and for all wavelengths of excitingxlight (in the range
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AUTHOR: - Rebane, K.-S. K.
«— R
TITLE: On the stimulated luminescence of some luminophors

SOURCE: Akademiya nauk Estonskoy SSR. . Institut fiziki i
astronomii. Trudy. no, 18, 1962, 1Issledovaniya po
lyuminestsentsii., 143-144

TEXT: The stimulated spectra at different temperatures for a
series of luminophors were measured. It is shown that the

stimulated spectrum of SrS-Ce, Sm at low temperatures broadens, )
At liquid oxygen temperature a supplementary stimulation band Y/
appears on the long wavelength side of the fundamental band. This

new band is stable up to a temperature of -140 °C., The stimulated
spectra at different temperatures for SrS-Ce, Sm are given in the
figure. A study of ZnS-Cu, Pb shows that its stimulated spectrum

in the region 0.7 to 1.5 p at the temperature of liquid oxygen
consists, apparently, of three bands with maxima near 0.9, 1.23

and 1,3 p. Their temperature behaviour confirms that one of them

has a definite hole character, Moreover, this phosphor possesses

weak sensitivity in the longer wavelength region of the spectrum.
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At liquid oxygen temperature zZnS-In possesses a very intense flash,
the stimulated spectrum of which is identical wi

measured by H. Koelmans (J.Phys,Chem.Solids, 17, 69).

The flash intensity of this phosphor decreases sharply with
increasing temperature, The stimulated spectra of ZnS~-Cu and
(Zn.Cd)S-Cu are the same at room temperature and at liquid oxygen
temperature,

There is 1 figure,

SUBMITTED: December 30, 1961.

On the stimulated luminescence of e

[}bstractor's note: Complete translation{}
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AUTHORS @ Purga, As Peoy Rebane, K. K.

TITLI: Calculation of the moments of transition probabilities
without applying tneoretical perturbation methods

SOCRCE: ikademiya nauk Estonskoy SSR. Institut fiziki 1
asironomii. T?rudy. no. 19, 1962. Issledovaniya PO
teoreticneskoy fizike. 80-88

TEXT: The probabilities and moments of the probability distribution of
quantum transitions are calculated for & 5-shaped disturbance

-
-1
co(t - t') = Cx S cos ot - §')des
2] .
where C is an operator not depending on time and frequency. The exact

probability of transition under the action of such a disturbance is
Wif = < flexpi - %-C}\ i)\z. The moments are calculated with a method

described by K.X. Rebane in 0pt. i spektr., 9, 557, 1960, and K.Rebane,
0. Sild, proceedings of the International conference of Semiconductor
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ACCESSIQN NR: AT3013092 ' S/2613/62/000/021/0276/0278

pmEons: Pebsne, XK. ¥%,; Xnighnyako?, v. V.

oITLE: On the theory of the Shrolsky orfect
5(7RCE: A8 EetSSR. Tnstitut fizikd 1 agtronomii. Trudy®*, no. 21, 1962, 216=-278

- fTOPIC T}GS: . Yossbauer, Shpolsky effect, electron oscillation, trensition, spectre,
recoil energy, Stokes loss :

ABSTRACT: A brief comparison has been made between the Mgssbauer and Shpolsky
effect (sherp lines in electron-oscilletion transition spectra of impure molecules) .
Tt is contended that meny quantitative relationships in the Shpolsky effect con be
obtained from the corresponding formilas in the MNossbauer theory 1f the ¥ =-quanta
recoil energy in the latter is replaced by the Stokes loss. Certain experiments are
proposed to obtain information on the degree of interaction between oscillations of
verious electron types in the Shrolsky offect and the existence of the Mdssbauer
effect on heterogeneous atoms in organic crystels. '
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Physics end Astronomy)
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AUTIIGR ¢ Rebane, K.-S. K.
—~—————t

TITLE: Stationarvy luminescence of ZnS phosphors

PERIOGUDICAL: Optika i spektroskopiya, v.12, no, 2, 196z, 254-2354

TEXT: A detailed analysis of a special zone model with three
trapping levels approximating closely the behaviour of many ZnS

type phosphors is given., Some of the relations between the //
brighitness of the stationary luminescence and the intensity of
éxcitation, awbient temperature, intrinsic phosphor temperature
and complenentary secondary exposure to visible, ultraviolet or
infrared light, are discussed. Concerned chiefly with the
phenomena of electroluminescence, the author develops briefly

the zone theory of stationary luminescence, considering a case in
which the depth of the recombination processes of one level is
considerably smaller than the remaining levels, Further
simplifications are made by considering the number of hole levels
considerably smaller than electron levels and selecting a case in
which the number of charge carriers is much smaller than the

i
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nusber of trapped carriers. Detailed analysis of the effect of
excitation intensity on the intensity of luminescence is given,
isolating four regions and predicting quantum yield in each
region, Finally, the effect of temperature on the intensity of
luminescence is also determined. It is noted that since the
temperature quenching in most of the ZnS phosphors is an
external process, Mott's formula is not applicable, The
experiments on temperature quenching at various excitation
intensities, carried out previously by the author, confirmed
this theoretical argument,

There are 3 figures,

SUBMITTED: February 23, 1961
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AUTHG {“’bﬂfﬁlL_K1'§~ K.

TITLE Stationary luminescence ot Zns phos phors.
sl Blectroluminescence and infrared quenching

FPERLIOGLLCAL: Uptika 1 spektroskopiya, v,12, no,3, 1962, 396-399
TIXNY: Formulae developed cariier with the help of a zone
wordel {Ref,1: Cpt. 1 spektr. v,12, 1962, 254) and intended for
the calcuiation of the effect of excitation intensity and
tewperature on the brightness of luminescence were extended in
the present swork to the stationary luminescence and electro-
lumiinescence, and it was shown that with their help it is
possivle to predict at least "two ,and niore likely, three regions
in which the luminescence intensity depends on the field
potential, The results of the work of %W. Lehmann (Ref.5:
J.Electrochem.So0c,, 103, 1956, 667) in which a formula was given
embracing the experimental results relating the electrolumines-
cence brightness to the field Potential, were found also to
support the general formulae developed in this work. The same
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orizinal Cormlae developed (rom the zone nodel were applied
alsc to ihe rhenodicnon of inirared quencihing of electro~ and
L y=luminescenc theorctical predictions were again
founa to Lnog srCeciment with the experimental data. The
atuthor faliy 5 the hypothesis of A.¥. Bonch-Bruyevich and
' Opt. i spektr. v.8, 1960, 585) that in
infrared quenching, the electrical field not only
luminescence, but alse quenches it,
figures and 1 table.

February 23, 1961
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REBAME, K.K.; SIL'D, 0.I.

Spectroscopic sum rules taking induced emission into accoun!
z ounti
Opt. i spektr. 13 no.4:465-470 0 '&2, (MIRA 16:3)
(Quantum theory)
(Abserption of light)
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E202/E492
AUTHOR Rebane, K.-S, g, 4
TITLE: &;tationary luminescence of zns Phosphors, III
PURIODICAL: Optika i spektroskopiya, v,13, no.4, 1962, 584-587
CAT:  lHaving developed earlier (6pt. i spektr., v.12, 1962, 254,

Tr. Inst. fiz, i astr, AN ESSR, . no.8, 1962, 57) from the kinetics ;
Standpoint the formulae for the cases of activator excitation A=Z, V/
zZone-zone excitation 2-Z, and the valenty zone - donor level of

capture excitation 2-D, the author gives the corresponding

diagrams and discusses the formulae further, Justifying some of

the theoretical conclusions reached by L.A.Vinokurov and

4.V, Fok (Opt. i spektr., v.10, 1961, 225) (who predicted

reduction of <the summary luminescence value on certain determined
types of levels) by measuring the dependence of the brightness of

the Zns-Cu scintillation Stimulated in the 800 my band, on the

density of the exciting light, It is shown that it is possible

to determine from the Summary luminescence stored in the phosphor,

the depth of the levels. However, the problem is or considerable
complexity and the solution may be simplified only by either
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wrranging the experiment 0 that substantially all the electrons
wre localized on one type of levels or when the measurements are
carricd out in the far advanced stages of quenching, The work
is concluded with g brief analysis of photoconductivity 0 given
+0 terms of electrons and holes mobilities, applicable to the
A=i, Z-Z and Z-D cases, showing also schematically the relation
between o and the density of excitation. The whole
development is based entirely on kinetie considerations.

figures.

March 20, 1962
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KRISTOFFEL, N.N.;_ REBANE, K.K,
Some problems of the theory of luminescent centers in crystalline
phosphors. (hekhosl fiz zhurnal 13 no.3:210 163,

1. Institute of Physics and Astronomy of the Estonian Academy of
Science, U.S.S.R.
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KRISTOFEL!, N.N.; REBAME, K.K,

Some problems of the theory of lumines
) L cence centers i
crystalline phosphars, Cs cas fys 13 n9e3:241=256 }23.

1 : s
e Institut f:.nkld. i astronomii, Akademiya nauk ESSR, Tartu,

APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0014445



"APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R001444

s A A R P AR AT R R S NS B —-u’&-ﬁ&"&‘?%&}ﬁ:}‘: RS S R AT W- 23

s/051/63/014/003/oo6/019
.E039/E120

—AUTHORS : Rebane, K.K., and‘xhizhnynknv; Ve V.

/\—/_
“‘TITLE: TheoTy of quasilinear slectron-vxbrat;onal -spectra in
- crystals, I. The theory of shpol'ukxy'u effect

PERIODICAL: Optika i spektroskopiya, v.1l4, no.3, 1963. 362-37Q

TEXT: The theory of electron-vibration transitions is
developed taking into account local fluctuations; in. particular
the effect of the Frank-Condon factor and the shape of lines with
no background are investigated. It is shown-that with the presence

of local fluctuations in the electronsvibrational spectra in
impurity centers of crystals- together with 'bands and pure electron .
transition-lines, dependent on-crystal vibrntions, there should
appear-a series of discrete vibration lines.' This explains the -
>hpol'skiy effect: the occurrence:of quasilinear spectra with
vimpurity molecules in molecular crystals. Formulas are obtained
. 8howing the intensity and 'shape of‘the lines and their temperature
dependence. The conditions required for-the formation of quasi-
-=-~=linear spectra are found and the:- posaibxlity of observing the
intrinsic structure of quasilines is conaidered.
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'~ Theory of quasilinear electrdn- .oe 5/051/63/016/003/006/019
‘ o o - . . E039/E120
~ . For th1s the exclton zone must’ be suffxciently narrowlor there

must be a sufficiently severe selecti
electron transitions, °° én fnle ilposed on the

SUBMITTED: October 15, 1962
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AID Nr. 981:--18 6 June ‘
§ ANALOGY OF THE M&SSBAUER AND THE SHPOLSKIY EFF ECTS (USSR)

~Bebane, K, X,, and V. V., Kh1zhnyakov.- Optika i spektroskopiya, v 14,
no. 4, Apr 1963, 491-494. S/051/63/014/004/007/026

- A detailed comparison is presented of the thin gamma resonance lines in-
nuclear vibrational transitions, characteristic of the M8ssbauer effect,
and the thin lines of electron vibrational transitions, characteristic of the

~Shpolskiy effect. It is shown that by the use of the perturbation theory the
two eifects can be adequately described by the same formulas. This can
be achieved because the mathematical properties of harmonically approxi-
mated wave functions fully eliminate the basic difference between the two .

! “reatments, which consists in postulating photon recoil energy in the

1 MBssbauer effect and Stokes losses in the Shpolskiy effect. . Along with
the coiacidence of such basic traits of the effects as.the very thin spectral
lines, the additive type of the spectrum, temperature dependence and the -
specific character of the influence of crystal vibrations, the analogy also
encompasses the quantitative relationships of the thecry. . [ZL]
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KRISTOFEL', N.N.; REBANE K.K.; SIL'D, 0.I.; KHIZHNYAKOV, V.V,

Causes of the difference between the half-width of the absorp—
tion and emission bands of crystal phosphors. Opt. i spektr. 15
no.4:569-572 0 ‘€3, (MIRA 16:11)

APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0014445



"APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R001444

AT

AR GRS
P N T AL

. LEBALE, B. B, o and
: : 1 b4 le P Fa L+
1 esults fron -ations of the [8ssbausr effect.

etween Shpollskiy!
f ionic crystals, and

0]
(;
Q
Q
C-’-

Tro authors succeeded ir discovering an analcgy b
electron-vibrational transitiors in impurity certers o
lBssbaner effect.

.
i

aort vresented to the 11th Cenfercnce cn lisminescence {¥elecular

J: . arse P T
Tmmineccence and lumirescence analysis iinsk, 10-1% Sept. 136%,

APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0014445



CIA-RDP86-00513R001444

SR T TR A Y

"APPROVED FOR RELEASE: Tuesday, August 01, 2000

. il il Enc v s B e AP R I TG T T ST
B T e T < PRI XA RS e TR

(EBAN K., ERISTOFEL', i.i. [Krissoffel, H.l; THirfONOV, Yeo.i;
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Dynamics of a lautice with impurities and the quagi-iine

electron-vibration spectra of crystals. Izv;.AN Est. SSR.
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1. Corresponding Member of the Acadeny of Sciences of the
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ACC NR:  AP6012067 SOURCE CODE: UR/0023/65/000/002/0309/0312

AUTHOR: _[Rebane, K.; Rebans, L.

ORG: Institute of Physies and Astronomy, AN EstSSR (Institut fizild i astrono
AN EstSSR)

TITIZ: Low-temperature emission spectra of oxygen in alkali halide crystals

SOURCE: AN EstSSR. Izvestiya. Seriya fiziko-matematicheskikh i tekhnicheskikh nauk,|- -
no. 2, 1965, 309-312 .

TOPIC :I‘AGS: emission spectrum, luminescence spectrum, crystal impurity, oxygen,
photomicrography, alkali halide, cryogenica

ABSTRACT: The liminescence spectra of alkali halide crystals activated by oxyzen
have a vibrational structure which is clearly pronounced even at room temperature.
At heliun temperatures each of the vibrational bands of the spectrum is found to
possess a "fine structure." In order to study this structure further and ascertain
its nature, the authors made a more detailed measurement of luminescence spectra at
a temperature of 4.2° K. The authors report finding a number of new spectra details: :
(from three to ten clear peaks) and attribute the fine structure mainiy to the —
interaction of the electron transition in the impurity molecule 05, with the crystal. :
vibrations distorted by it. The article presents photomicrograms of the emission :
spectra of NaBr — Oz, KC1_= 02, and KBr — Op, as well as a table of the positions —

of _all/reco;’ded peaks. The authors thank Ye. F. Gross and coworkers at the laboratory -
Cord _1/2 S
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for making possible the carrying out of the measurements. Further thanks is
extended to B. P. Zakharchene for valuable advice and to I. I. Talhistovaya for

participation in the measurements. Orig. arte has: 3 figires and 3 tables. [JFRS/
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TITLE:

Detailed structupe of a purely electronic qQuasi-line
[ SOURCE: AN EstSSR. Institut fiziki i astronomii, Trudy, no. 27, 1964, Issledovaniya
| Po teorii tverdogo tela (Research on the theory of solids), 17-22

TOPIC TAGS;: crystal theory, impuri ty center, Mossbauep effect, line Spectrum , lipe
width, vibration spectrum, ¢

i 20 ST
ABSTRACT: The authors study the theoretical wi narrow purely elec-|
i tra of impurity ¢ stals. Two cases are

identical, 2. the ip-
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tions. An experimental study
in experimental techniques to
on the purely electronic energy of impurities,

of the shape of these

Orig. art. has:
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lines will require improvement
eliminate the effect of nonhomogeneities in the crystal

1 formula.
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TITLE: Vibrational electron bands of a luminescence center with regard to anharmoni~
city of vibrations :

SOURCE: AN EStSSR. Institut fiziki i astronomii. Trudy, no. 27, 1964, Issledovaniya
Po teorii tverdogo tela (Research on the theory of solids), 23-56

TOPIC TAGS: luminescence center, crystal theory, ene}-gy band sfructure + harmonic
analysis, vibration spectrum, vibration e
ABSTRACT: The authors calculate the moments SZ for probability distribution of vibron-|. -

. oas . ) .
1c transitions of order I = 0, 1, 2, 3 and 4 for a lmlnézs.éence center in a ¢

center are given in the form of expansions in power series including anfi AN ,
of the third and fourth orders. The electron matrix element is accounted for as a

function of the vibrational coordinates together with the anharmonicity of the adia- -
batic potentials. Some of the results are compared with experimental data in the 1i- —
terature. An analysis of the resultant expressions for the moments indicate that vi- |- -
brational anharmonicity may be definitive in the following effects: 1. a temperature
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shift in the first moment of the band; 2. a deviation in the temperature relation-
ship of the half-width of the band 6 from the law 8wT; 3. the sign of asymmetry of
the band. The basic effect which shows the relationship between M and the vibration-
al coordinates is an increase in the intensity of the integral band with ’temperatum.
This relationship does not show up in any other clearly pronounced singularities in
the behavior of a band corresponding to a center where the Stokes losses are high.

Orig. art. has: 16 formulas. :
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TITLE: Quasi-line vibrational electron spectra and their relationship to the
M&ssbauver effect

SOURCE: AN EstSSR. Institut fiziki i astronomi'iﬁ. Trudy, no. 27, 1964. Issledovaniya
po teorii tverdogo tela (Research on the theory of solids), 3-16

TOPIC TAGS: line spectrum, vibration spectrum, Mossbauer effect, crystal theory,

cadmium sulfide, crystal impurity , electron spectrum, perature dependence
ZI\?WTS—<;am

ABSTRACT: The authors briefly review the (literature on the theory of quasi-line vi-

brational electron spectra in impurity crystals. Fundamental formulas are given

.which describe vibrational electron spectra and their relationship to temperature. )
The theoretical conclusions are compared with experimental data for the 488.6 angstrom
line in a cadmium sulfide crystal. Experimental curves for the temperature relation-
ship of the CdS emission spectrum near this line show qualitative confirmation of the |
theoretical conclusions. The ratio of the integral intensity of the pure electron
line to that of the phonon section of the curve (due here to acoustic vibrations of
the lattice) falls rapidly with an increase in temperature. The distribution of Stokes| _
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losses shows a maximum at approximately 6 em !, i. e. the strongest interaction is .
with vibrations having a wavelengggzgéréﬂ=20 lattice constants. A great similarity
is observed between the M¥ssbduer'éffect and quasi-line vibrational electron spectra.
The main difference between the two phenomena is that recoil energy is of prime im-
portance in the M8ssbauer effect while Stokes losses play the leading role in quasi-
line vibrational electron spectra. The second approximation of perturbation theory
is sometimes required for explaining the M8ssbauer effect with respect to the natural
width of the excited level. Orig. art. has: 2 figures, 1 table, 6 formulas. -
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TITLE: Luminescence of ZpS-AgAlSy
7
Vv

. SOURCE: Zhurnal prikladnoy spektroskopii, V. 4, no, 6, 1966, 529-534

' TOPIC TAGS: zinc sulfide optic material, luminescence, emission spectrum, spectrog’raphic
. analysis :
i

! ABSTRACT: The juminescence of ZnS-AgA1S2 phosphors was investigated, To prepare
d heated in an evacuated sealed quartz

AgAlSa, Ag2S and AlgS3 were mixed in a dry form an _
the ZnS-AgA1Sg the powder of 7ZnS was prelimi-

ampule at 850—950C for 12 hr. To prepare
narily heatedina flow of HgS at 450C for 1 hr, mixed with AgA1Sg and heated for 4.5 hr at i
5 - 107 to 1.0 mol 9. The emission spec- ,

: 1150C. Tke concentration of AgA1Sp varied from
nochromator and photomultiplier and the excitation spectra by —

. tra were measured by a mo

spectrophotometers. The emission spectrum of ZnS-AgAlSy revealed three bands with peaks
: of about 2.8 (blue band), 2.4 (green band), and 2.0 eV (red band). However, all these bands
i were evident only at low concentrations of AgAlSy in the phosphor. The blue band dom‘i_nated

¢
—
!
\
:
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| emission band was explained by means of the donor-acceptor model of luminescence. Orig.

ACC NR: APG019653 ' O

, at higher concentrations of the activator, The excitation spectra consisted of three character-.
; istic regions: 1) encompassed the group of peaks found within the absorption limits of the
i main lattice of ZnS; 2) contained only one characteristic band near the fundamental absorption |
. edge (this band at 77K was at about 3.8 eV); and 3) encompassed all excitation bands, the
© peak energy of which was less than 3.8 eV. The most interesting of them were the excitation
. bands of green luminescence at about 3.00 eV and red luminescence at about 2.63 eV, It was

i
i
i
1
|
1
i
!
!

found that the peaks of the emission bands shift to the longwave side when the concentration of
AgAlS» and the temperature are increased. It is postulated that the excitation band at 3.80 av |
is due to absorption of the exciting light by 52~ jons surrounding the activator fon. The red -

art. has; 3 tables and'3 figures.
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Al EstSoi. lzvestiya. Seriya fiziko-matematicheskikh i tekhnicheskikh nauk,
’)(‘() '30‘
{ ’ luminescence spectrum, adiabatic approximation
A T“‘P”- An article by L. REBANE and T. SAAR in the same issuc of this
journal establisnes the fact that thorc is a deccrecase in the half-widtn of
%o vibration sub-band of Kur-Oz with an incrcase in the nuuberr n in tho
luminescenco spectrum,  The prescnt article is intended to show that this
i fact way be oxﬂlainoa a2s tho effect of tho interaction of loeal vibration
with crystsl vibrations if the "double adiabatic approximation” is usod as | --
tho basis and a certaln asswiption is mado as to the gign of an harmonic -
intoraction botween local and crystal vibrations. The authors roto thai the
"double adiabatic approximation” is aébancral approach to the problea of a
comparatlvely 1lizht impurity molocule”in a heavy base and is apparontly also.
effeoctivo in tho case of any impurity centers if thore is a local vibration : —_—
with a frequency significantly excoeding the frequency of the remaining ' B
vibrations. The autbors state that thoy hope to return to a detailed con-
sideration of the "double adiabatic approximation' in subsoqnen‘c. publicationse L
Orig. art. hass 3 formulas. [JPRS: 39 0405 ’
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TITLE: Effect of the activator on the infrared stimulation and quenching spectra of
ZnS luminophors

SOURCE: Zhurnal prikladnoy spektroskopii, v. 2, no. %, 1965, 350-355

TOPIC TAGS- crystal phosphor, zin;'L Zulf:.dﬂ IR spectrum, luminescence quenching,
lummescence spectrum

ABSTRACT: The authors examine the IR stimulation and quenching spectra of '\mactivat;- .

ed zinc sulfide and of zinc sulfide activated by copper, silver and gold. The de-ex-|"

citation curves of the phosphors are measured at 77 and 293°K. The methods used for~
synthesis and excitation of the specimens are described briefly. The luminophors '
studied (with the exception of Zn%) have four main thermoluminescence maxima: at
roughly -170, -130, ~40 and +30°C. It may be assumed that some of these peaks are
made up of two or more components. The absence of a thermomaximum at ~30°K in ZnS

is attributed tc temperature quenching. Luminescence stimulation spectra for the 7
various phosphors studied are given in the 0.85-3.00 u range. ZnS gave the most in-
tense scintillation and ZnS-Cu gave the least intense scintillation, Five groups of

UDC: 535.373.2
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jevels are observed in the stimulation spectrum which correspond to definite capture 1
levels. The approximate maxima for these bands are located at energy levels of l.l- -|.
1.3, 1.0, 0.8, 0.55 and 0.45 ev. The most intense of these is the maximum at about
1.0 ev. The relative intensity (but not the position) of the other bands depends on
the activator. The 1.0 ev band has the simplest structure in ZnS-Cu. For the other -
phosphors, this band is wider and has a more complex structure. The IR quenching
spectra show up best at room temperature. These spectra are extremely sensitive to
the type of activator. The edge of the quenching region for both gold- and copper-
activated ZnS lies at about 1.1-1.2 ev (at 77°K). The edge of the IR-sensitive re-
gion for ZnS-Ag lies at a temperature of about 0.8 ev for a temperature of 293°%K.

The sensitivity edge for IR-quenching in ZnS phosphor lies at about this same level.
A comparison of stimulation and quenching spectra at the two temperatures indicates
that both types of spectrum are extremely sensitive to temperature. A band model

is proposed to explain the quenching spectra for the various phosphors studied. Bands
observed in the stimulation spectrum are attributed to lattice defects. Orig. art. -

has: 3 figures.
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TITLE: Influence of reabsorption on the kinetics of equilibrium emission of ZnS typé
phosphors ZBeport, Fourteenth All~Union Conferenca Qn Luminescence (Crystal Phosphors)
neld at Riga, 16-23 Sept. 1965/ :

i SOURCE: AN SSSR. Izvestiya. Seriya fizicheskaya, v. 30, no.9, 1966, 1537-1538

| TOPIC TAGS: luminescence, luminescent crystal, zinc sulfide, light absorption,light
enission, fredboxk, luminesceance center, mathematic physics

ABSTRACT: The author briefly reviews the literature on reabsorption in luminophors.
Reabsorption can take place only when the emission spectrum of the luminophor overlaps
the absorption spectrum. Such overlap takes place in ZnS:Cu:Co phosphors. "Reabsorp=
tion can considerably affect the equilibrium emission from e thick layer of lumines~
cent material. This effect was calculated on the basis of a simple band model with
one donor and one acceptor level, and the resulting equilibrium concentrations of
jonized luminescence centers and conduction electrons for the cases of reabsorption
at a) electron-trapping centers, b) un-ionized luminescence ceaters, and c) filled
hole-trapping centers, are preseanted in terms of a notation introduced elsewhere by
the author (Tp. In-ta fiziki 1 astron. AN EstSSR, No.10, 209 (1959)) and ouly partly
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~explained in the present paper. In case a) the réafpsorption limits the growth of the
stored light sum and can contribute to the linearity of the photoconductivity and
photoluminescence, In case b) the renbsorption») increases both the light sum and the
current carrier concentration. In case c), for whiéh the current carrier concen-
tration is not given, owing to the complexity of the calculations, reabsorption re-
duces the light sum. Xt would be desirable experinentally to establish the reality
of the deduced effects, Orig, art. has: 5 formulas and 1 figure,
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Vv B

TITLE: - Quasi-line electron vibrational spectra and their re;ationshipz

;M&Sbbauer effect |
‘ =\(\( S'g

]

ﬁCITED SOURCE' Tr. Komis. po spektroskopn. AN SSSR, vyp. l 196i .38~ 51

'TOPIC TAGS: Mossbauer effect v1brat10n spectrum, electron spectrum, lme spec—
trum, crystal vibration, Raman scattemng P L P

TRANSLATION: A short survey is glven of theory whlch con31ders aua51-11ne electron
vibrational spectra (the Shpol'skiy- effect, " J.mpurltles in-ionic crystals) and" 3
"nuclear vibrational spectra (the M8ssbauer effect and: its’ analogles) from a
-point of view.. Particular attention is- given to new:results on the: o}.lowm

| lems: 1) effect of temperature on- qua51—11ne spectra with- regard toiio al-oscill
-| tioms, mnarrow vibrational-zones and- sharp maxima-in-the distribution-of Stokes: Ios
ses or output energy from crystaJ. v:.br-at:.ons, '2) “local and qua51—stat10nary V:Lb
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+ions around an 1mpur11:y, qua51-lme contouﬁ and nature,of v1bratmna ‘ n}
| 3) possibility: for the existence of a second: (broad) _resonance near-the’ phonon—free
line' 4) quasu—liné spectra of . Raman scattering local,vibrations.
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| '-‘TITLE. The Franck- Condon principle and the Mossbauer effect '

:r;':fSOURcE. AN EstSSR. Institut fizlki i astronomii. Trudy, o, 26 - 19
B Issledovanlya po 1yum1nestsentsii (Research :on 1uminescen

' '*‘-j'?"I'OPIC TAGS: Franck Condon principle, Mossbauer effect, velectron vi
e *intensi’cy

ABSTRAVT. The purpose of" the article 1s ’co reformulate th ;
Condon principle (FCP) in a manner making it . possible to: apply it ¢ )
- B ‘several problems conneécted with the Mossbauer : effect. »?-J.To .this: end,"
©.an analysis is presented of the FCP with: ‘allowarice’ for:_-f he recoil "

“momentum and for the change in the mass- of the nucleus. -,L'I'he effect

‘of the recoil energy on the probability of nuclear—vibrational tran_s:_

_ iitions is then analyzed, uqing a very simple model of vib"ational
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'system consisting of asingle harmonic oséillator..

| ngle harmonic oscillator. This is equivalent
. to analyzing the ‘Mossbauer effect with the aid of the FCP. on:the bagis
'of a guasimolecular model for.a single normal oscillation mode. = . .=

| ‘Special emphasis is placed on the FCP concept that the momentum of the
- wibrating system decreases by an ‘amount-equal-to the radlated photon:
 momentum or increases by the amount of the absorbed photon momentum.:
8 The analysis shows that the FCP can be succéssfully used for.a.
 ‘qualitative interpretation of the Mossbauer. effect, and ‘s also useful
i for a rough estimate of the integral intensity of “the -Mossbauer -line..
B~ The main features of the Mossbauer: effect can be easily understood. by
- supplementing the FCP concepts with an analysis of the factors af-.
“‘fecting the width of the lowest vibrational state of ‘the system. -Ori;

r'f_"art. has: U figures and 10 formulas = .

ASSOCIATION: - Institut fiziki 1 astronomil AN EstSSSR (
Physics and Astronomy, AN EstSSSR) T e

. SUBMITTED: 15Jun63 - . - ENGL: 00 -

" NR REF SOV: 012 . -~~~ OTHER:.010-. -~ - "
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AUTHORS ¢ Re’bane‘ K. Ke 3 Tekhver, -Te Yu. mzizhmrakcv, Vo Vo

TITLE: Detailed structure of the pure]y electronic quasi-line S

. CITED SQURCE: Tr. In-ta fiz. i astron. AN Estssx, no. 21, 196h 17-22

g TOPIC TAGS: purely electronic quasiline, l:lne structure, electron vibra.tional
- gpectrum, impurity center, quantum 'bea.t procedure o o o

TRANSIATION: - The authors consider the structure of the purely-electronic quasi-
line {FEL) in electron-vibrational spectra of g:puritz c;zstalsﬂn two . casess
1) the impurity centers (IC) are in ideally identical conditions (theoretical - .|
spectrum) ; 2) the IC are in slightly different conditions as a result of inhomo- - |-
geneity of the crystal matrix (the spectrum corresponds to conditions of tae’ ex- R
S dsting experiment). It 18 indicated ‘that . at- lamtﬁuperatures the PEL cen have .-}
|” & width on the order of the ‘radiation width (~ 10=" It is proposed to in- L“
vestigate the form of the PEL using the duantum beat proccdure (RzhFiz, 196k, -0
thS?), vhich eliminates the influence of the inhmogeneitiel or the crystal on
“'the purely-electronie energy of the mpur:ltiu.-:' S o e
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elapsed time. The first is the progress in the theory of crystal-
lattice dynamics, particularly the character of distortion of the
crystal lattice near impurities, which has made it possible to pre-
dict various types of oscillations in electron-vibration and related
processes. The second is the application of the Mossbauer effect to '
the study of local lattice dynamics. The third is the better under- ;
! standing of the closed connection between the interaction with S ;
" electron-transition vibrations and the analogous problem of gamma g

f transitions in an atomic nucleus contained in the crystal (optical

" analog of the Mossbauer line and the Shpol'skiy effect). In addi- :

i tion, the number of experimental researches on the direct study of i

i dynamics of the lattice near crystal defects, including local os- N
! cillations, has greatly increased during the past few years. It is
pointed out in the conclusions that principal interest attaches to
! further development of the theory of the purely electronic line and
- performance of exact experiments aimed at ascertaining how narrow
they can be and how close the analogy between the Mossbauer line

A HAES. -

- i {
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line actually is. Further development of
of impurity molecules in crystals and fur-
ther research with the aid of the Mossbauer effect are urged. The
section headings are: 1. Introduction. 2. Local and pseudolocal
oscillations. 3. Electron-vibration transitions and local lattice
dynamics. 4. Raman scattering of light. 5. Infrared absorption
spectra. 6. Mossbauer effect and a few other phenomena. 7. Con-
cluding remarks. Orig. art. has: 2 figures, 2 formulas, and 1

table.

and the purely electronic

. ASSOCIATION: None
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AUTHORS Kalder, Kh. Ya. »_

: TITLE Dependence of 1nfrared”Anenchin 'on the fi 4 Yo
2 T | 79 ‘ g ring temperature 33

-»:OURCE‘ Zﬁ“EstSSR Institut fiziki 1 astronomii.
%924202Issledovaniya po lyuminesteentsii (Research
94~ o :

ETOPIC TAGS' 1nfrared quenching, 1nfrared spectrum,
1uminor zinc ulfide optical material T

SABSTRAGT‘> Data are p sented on the luminescenc :
g coefficient; infrared quenching spectra;

of the infrared quenching -on the- 1nten81ty of the 1

‘48 functions of the firing temperature (from 400 to

phosphors.' ‘The copper was introduced in the' form.

:or chloride salt,: ‘The compounds‘were rired for 30~,

0

nfrared 1dght,
,11500) of® 5
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:ampoules made of . refractory glass or in;open quartz test tubes. The
quenching spectra were measured with a spectrometer and’ normaliaed to-
equal intensity of applied infrared’ light., The' results show that: thA
uminescence brightness of ZnS: increases exponentially with. increasin
. firing temperature in the 400 -- B0NC range. - The infrared quenching .
= factor & 18 increased only in- the temperature region 400 -- 5000. - Th
ependence of the light sum on.the firing:temperature differs from
he dependences of the brightness and of the quenching factor. “Plots"
Pf the quenching against the infrared radlation intensity and of the -
Fpectral distribution of the infrared quenchlng against the firing
}temperature are also presented. - It 1g-deduced from the - experimental
Fesults that the luminor properties are -due. not" only to the: diffusion
f the activator, but also to the changes which take place. in the:
erystal lattice was a result of firing. In: particular,_at low. tempe
ture - the crystallization is not complete:and a large amount of. ‘non-
] ' mnear the: aetivating 1mpurity. )
uthors thank A P Malxsheva fo ;supplying?the Bt blimate':l
ns- Cu. 3T cand 2
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AUTIIOR: Rebane, K. K.

the theory of interaction of transitions in the electron

TITLE: contribution to
vibrations of ‘tho crystal lattice

shell and atomic core of an impurity with

SOURCE: Optika 1 spektroskopiya, v.16, no.4, 1964, 594~G01'

TCPIC TAGS: phonon transition interaction, Mossbauqr'efiect, Shpol'sky effect, im-
purity spectrum, Stokes 10Ss, vibronic spectrum

ADSTRACT: The paper is an attempt to develop 2 unified approach to treatment of”
clcctronic-vibrational spectra (the Shpol'sky effect ~ appearance of line spectra
of organic and other solutes in frozen paraffin solutions at cryogenic tempera-~
tures — and impurity spectra in ionic crystals) and nucleo-vibrational spectra (the
1tossbaueYr effect) . It 1s recalled that the shape of the spectrum 1ines of impuri-
+ies lodged in crystals depends to a certain extent on the interaction between the
associated transitions in the impurity atoms and the vipbrations of the crystal lat-
+ice. The problem of the distribution of the gamma-photon recoil energy over the

vibrational degrees of freedom of the crystal can be trgated in the momentum appro=

TR el =& =
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'51:7';’AUTH0R: Rebane, K. K.; Sil'd, 0. |.

- . TITLE: The theory of stimulated transitions in electron-vibrational bands

! SOURCE: AN EstSSR. Institut fiziki | astronomii{. Trudy*, no. 23, 1963.
Issledovaniya po lyuminestsentsii (Research_ln luminescence), 18-21

}
i, 1 TOPIC TAGS: electron vibration, electron band, electron transition, stinulated g""{"
2 TR ; electron transition 3
| ;
|
i

) ABSTRACT: Pointing out that, in previous works, attention has already been direct- o
-ed at the possibility of using the electron-vibrational transitions in the impurity .-
. i centers of a crystal for the generation of light, the authors note that in these '
{1 - ! studies no allowance was made for the overlappingof the absorption and emission

"~ . ! bands. The purpose, therefore, of this brief article is to provide in a clear
. i form the existence criteria of negative temperatures at electron-vibrational band
- i frequencies for a luminescence center in the crystal, the aforementioned overlap=

. ping being taken into account: ’ T N . .

' o R T vl
R
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The model considered (two electron levels, each having its own set of vibrational
levels) is roughly equivalent to a four-level system, from the point of view of

induced emission.. A more accurate equivalent is a system with two infinite sets
of levels, in which vibrational level relaxation until thermal equilibrium occurs

with infinite speed. 'TThe authors are grateful to 8. |. Stepanov for his valuable; .
advice, and also to A. P. Purga and V. V. Khizhnyakov for their discussion‘of the ;.

work.'" Orig. art. hass L4 formulas.

ASSOCIATION: Instituﬁ_ifiizm'i ésfrmanii AN EstSSR (Institute of Physics and .10

Astronomy AN Es&5SR)
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ACCESSION NR: AT4020805 S/2613/63/000/023/0200/0209
AUTHOR: Rebane, K, -8, K.; Tal'viste, E. K. : '

TITLE; The effect of infrared radiation on the electroluminescence of ZnS-Cu, Al,
excited with square-wave voltage of ultralow frequency. Part II. i

SOURCE: An EstSSR. Institut fiziki i astronomii, Trudy*, no. 23, 1963, Issledovaniya °
po lyuminestsentsii (Research in luminescence), 200-209

TOPIC TAGS: luminescence, electroluminescence, phosphor, ZnS-Cu, Al phosphor,
ultralow frequency luminescence, infrared radiation, infrared quenching

ABSTRACT: Electroluminescence has recently been widely used in various branches of . !
electronics, particularly for the conversion of various electrical pulses into light pulses. !
Yhen using such converters, it is of great importance to know the kinetics of the con- .
version process. The kinetics of the luminescence produced by the excitation of phosphors
with different square-wave pulses has already been rather well studied (G. R. Hoffman, —
D. H. Smith, J. Eleciron. and Control, 9, 161, 1960). In the present aper, however,

the authors used bipolar voltage pulses of ultralow frequency (10-2 cycles). In

addition, they studied the effect of infrared light on the electrolummescence brightness e
waves. /The methodology and equipment employed in this research has previously been

1/2
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described (K. -S. K. Rebane, E. K. Tal'viste, Trudy* IFA AN ESSR, no. 21, 257, 1962).
The authors considered the form of the brightness waves of electroluminescence under
permanent and stroboscopic infrared irradiation (A = 0. 7 - 1,2 p) and without if, Under
the effect of IR light the build-up time of the brightness wave, excited with ultralow-fre-
quency square-wave voltage pulses, decrcases. A decrease is also observed in the dura-
tion of the brightness wave. The IR quenching factor increases during the build-up of the
brightness wave. During the attenuation of the brightness wave the IR quenching factor is
quite large and shows little dependence on the rate of attenuation., Two hypotheses are
proposed to explain the phenomena observed: competition between the quenching effect of
the electrical field and the effect of the IR light, or the monomolecular character of the
glow during the time the glow builds up. The authors state that at the present time there
are insufficient experimental data to make it possible to choose between these two possible
causes for the reduction of IR quenching in the build-up region of electroluminescence
“brightness waves; it is quite possible, moreover, that both mechanisms exist simultan-
eously. Orig. art. has: 5 figures.

N$@(€§%§‘)ION: Institut fiziki i astronomii AN EstSSR (Institute of Physics and Astronomy,
i o

Bs
SUBMITTED: 12Julé2 DATE ACQ: 07Apr64 ENCL: 00
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REBANE, K. K.; TRIFONOV, Ye. D.; KHIZHNYAKOV, V. V.3 -

i the
"Quasi-Linear Election-Vibrational Spectra and their Relation to

Messbauer Effect.”

olloq, Belgrade, 30 Sep-l Oct 63.

report submitted to 11th Intl Spectroscopy €
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Rehane, h. $0V/26-58-12=41/44

TITLE: The .Tapanese Aamamelis, a Shrub Tlowering in Vinter {Yapons-
iy Gamamelis - kustarnik, tsvetushchiy zimoy)

,
fﬂﬁr 12, p 126 (U33R)

DERTODICAL: Triroda, 1958

ABSTRACT: Af the Ylamamelis family, only Parrotia persica is a native
tree on Soviet territory; it is found in the Talysh forests
of the Azerbaydzhan 33R. Fxcept for Hamamelis virginiana;
there is little known about other acclimated representatives
of this family in the forest btelt of the TSSR. Zut the tree
and shrub exhibition site of the “Yarvsel'ya” treining fore-
stry of the Zstonskaya sel'skokhozyaysivennaya akademiva
(Zstonian igricultural 4cademy) in the Ryapinskiy Reyon
5f the Sstonian 35R is displaying shrubs of Hamamelis ja-
ponica which flower annually between December and February
at temperatures ranging up to - 26.7 C. The shrubs were
raised from seeds obtained from Denmark. They do not bear
fruit or seeds. There is 1 British reference.

L3U0CTATION: Uchleskhoz “Yarvsel: ya” {The '"Yarvsel:ya" Training Forestry )

Tirh: bnr 3 GRS e T P
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REBANE, K.; REBANE, T., kand. fiz.-matem, nauk

Theory of Raman scattering of 1light by molecules. Izv. AN Est.
SSR..Ser. fiz.-mat. i tekh. nauk 12 no.3:227-237 '63.

(MIRA 16:11)
1. Institute of Physics and Astronomy of the Academy of Sciences
of the Estonian S.S.R. and Leningrad State University.
2. Corresponding Member of the Academy of Sciences of the Estonian
S.S.R. (for K. Rebane).
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AUTHOR: Rebane, K.=5. K.j Tal'viste, E. K.

TITLE: The build-up of ultra Jow-frequency electroluminescence

SOURCE: AN EstSSR. Institut fiziki | astronoml 1. Trudy¥, no. 23, 1963,
|ssledovaniya po lyuminestsentsii (Research in juminescence), 210-215

ToPiC TAGS: luminescence, electroluminescence, léw frequency electroluminescence,
square wave luminescence excitation, phosphor, sulfide phosphor .
ABSTRACT: In a previous work (K.-S.K. Rebane, E. K. Tal'viste, Trudy* IFA AN ESSR,
no. 21, 257, 1962), the authors described the difference in the build-up rates of
a series of electroluminescence pulses, corresponding to the rise and fall of the
voltage on an opaque electrode of square-wave low-frequency (1=5 cps). For the
further investigation of this phenomenon, electroluminescence capacitors were de= .
signed with a ZnS-Cu, Al electrophosphor and electrodes of conducting glass. ~ By
means of an NGPK-3 generator and various switching devices, electroluminescence
excitation was achieved by square-wave voltage in a frequency interval of 0.1-100
cycles/second. The duration of the leading edge of the pulse was adjusted within
limits of 10-500 microseconds. The bulld=-up curves were photographed from the
screen of .a 51—4 oscilloscope, operating with a supplementary triggering device.

t
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The authors used unipolar voltage pulses of both polarities as well as bipolar
voltage pulses. In the latter case, the voltage was fed to the capacitor in a
balanced state with respect to the ground or with one grounded electrode. An
attempt is made to explain the difference in the rate of build-up of brightness G
waves, corresponding to the different half-cycles of the voltage, as the result «}
of the formation in the crystals, at the beginning of the process, of an unbalanced
volumetric polarization charge with a large relaxation time constant. In this. ﬂ
article, the authors make absolutely no allowance for the jonization tunneling !
mechanism of the glow centers, although, as they admit, it is possible that this
mechanism also plays a certain role in luminescence build=up. Orig. art. has: 3 ©
figures. ' '
ASSOCIATION:  INSTITUT FIZIKI | ASTRONOMII AN EstSSR (Institute of Physics and
Astronomy AN EstSSR) :

SUBMITTED: 10Dec62 y DATE ACQ: 07AprélL - ENCL: 00
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* ACCESSION NR: AT3013090 R . $/2613/62/000/021/02s7/0256 .

-¥  AUTHOR?' Reba\ne,' Ke=Se Ko _
TITLE: .St'a;i;;;n»a;;ﬁl‘;n;fr;é_scence in Zns;-type phosphbrs. j&i;:;l.tation valence bard- =~ 4
. electron traps L . o . IR

' SOURGE: AN EstSSR. Institut fiziki'i astronomii. Trudy¥, no. 21, 1962, 2h7-25§;

TOPIC TAGS: phosphor, valence band, electron trap, luminescence, excitation
density, luminescence brightness, kinetic model oL e S
- ABSTRACT: Stationary luminescence excited by transitions of valence electrons to
" the trapping state of electrons in the forbidden zone was examined, and dependence

of stationary luminescence.on temperature and the excitation density was investi-
. gated. The zone model for calculating valence bandtrap level excitation is given

. (see Fig. 1 on Enclosure).- Equations for hole and electron concentration variation

" are written and solved for luminescence quanta quantity I on the basis of two

" modelst .that of Schin-Klasens and Lambe-Klicke Theseyield . - w
T T N '
- v TR o ’
e e TR e e :
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for the Schgn Klasens model, and

: é‘::s:l;; :arénb:;(n;:::tzg:ei; Bﬁhe fl:migescence brightnes,'s debéfﬂeﬁ;d on ax‘citation-
- ~ , own to be a str iction’ . hetdc - *
E mo,del._:_' Orig, art. has: 18 equations and 3 ;ri)guil:swtj‘on °f the sel,ectqd fiinetde - a
. .. . St A. :

* | ASSOCIATION: AN EstSSR. Tnstitut fiziki 4 « ) T ’
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AUTHOR:  Rebzne, Led.

TITLE:

Arademiya naul Estonskoy SSR.
trudy, no. 17, 1961.

30URCE:

TELT:

juminescence centers in this phosphor is discussed.

On the interaction of Juminescence centers dur
and temperature quenching processes in NaCl-Ag

é}éij/61/ooo/017/db6/01l
D051/D113 ;

ing concentration

Institut fiziki i astronomii.
Issledovaniya po lyuminestsentsii, 87-92

or the basis of measurements of the temperature behavior of the 250m/#
emigsion band in 1iaCl-Ag, the possible character of interaction between the |

The study continucs

previous investigations (L.A.Rebane, Prudy, IFA AN BESSR,No. 13, 56, 1961)
devoted to the effect of Ag—concentration on temperature quenching of the

centers I and II in NaCl-Ag and NaBr-Ag-

In the present case, the tempera-

ture quenching of the luminescence centers I in NaCl-Ag was measured by cal—\
culating the areas below the emission bands of these centers, the bands belng

recorded at various temperatures.
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On the interaction ... D051/D113

Lg-concentration affects the temperature behavior of the luminescence yield
of the centers I in NaCl-Ag. Explanations for this effect are given. The
location of the maxima of the NaCl-Ag emission bands does not depend on
conceniration. In the studied temperature range (290 -54C h), the energy )
corresponding to the location of the band maximum E; diminished in proportion
to the temperature T. For the centers I in NaCl-Ag, A Em/A T was equal to
(0.07+0. 01) eV per 100 degrees. The change in halfwidth was in proportion

to VT and amounted to about 0.03 eV per 100 degrees. F.D.Klement and
D.Gluzkater are thanked for help rendered. There are 3 figures. The
English-language reference is: P.Johnson, F.Williams, J.Chem.Phys.,18,
1477, 1950. -

SUBMITTED: April 17, 1961

Card 2/2
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AUTHOR: .LD'U"A 1 L, /
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0RG: Institure of ‘“‘n vsics and Astronomy, fAcademy of Sciences Dstoniazn SSK (Institut

fizmiki T asbronomi AN st 55i ) ,)
A '
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cTITIE: Isotopic shift in the luminescence specbrum of a KBr-03 crystal

SOURCE: AN FstBSR. Tuvestiyn. Seriya
ne. 2, 1956, )U,L—)-,)‘;

ikeo-matematicheskikh 1 tekhnichesidkh nauk,
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U
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luminesgence spoclrum, erystal ;:x'np"w

L and K. REBANE on the low-
the molecular impurity 03 in a
ition ruative to the principal pcaks
roup to group approxdmatcly according - .-
do that these linoes are caused by the
-v:‘f 53 in wnich one of itpa C+© atozs has
. Coaed : Yhe present articie describes furiher
waich were conducted o cnock this theury. The author thanks
55 for lebting him work in nis lavoratory, S. A, PERMOGOROV whose
was used for some of the measurezments, and T. SAAR for hig assis-

“ranse in conducting an experiment. Orig.art. hast 1 formula and 1 teble /JPRS: 39, oh_q/
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| AUTHOR: Rebane, K.; Rebane, L. |

ety

ORG: TInstitute of Physies and Astronon;y,v AN EstSSR (Institut fizild % astrononﬁi, -
AN EstSSR) o , ' o

TITIE:  Low-tomperature emission spectra of oxygen 4n alkali halide erystals

SOURCE: AN EStSSR. Izvestiya. Seriya fiziko-matematicheskikh i tekhnicheskikh nauk,| - -
no. 2, 1965, 309-312 - , _ T

TOPIC TAGS: emission spectrum, luminescence ‘spectrum crjstal impurity, oxygen
Photomicrography, alkali halide, cryogemica @@ C0°! PR

Dossess a "fine structure." In order to study this structure further and ascertain |
its nature, the authors made a more detailed measurement of luminescence spectra at
a temperature of 4.2° K. The authors report finding a number of new spectra details’ . ’
(from three to ten clear peaks) and attribute the fine structure mainly to the —:
interaction of the electron transition in the inpurity molecule 05, with the crystal. :
vibrations distorted by it. The article rresents photomicrograms of the emission
spectra of NaBr - 0p, KC1_~ 02, and KBr - 0 1,85 well as a table of the positions

of all recorded peaks, The authors thank Ye. F.
Card 1/2
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Gross and coworkers at the laboratory |
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for making possible the carrying out of the measurements. Further thanks 1s

and to I. I. Takhistovaya for_
nded to Be P. Zakharchene for valuable advice I. I )
;:::ic;pation in the measurements. Orige. art. has: 3 figures and 3 tabless [JPRS/
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REBANE, LA,

"A be;con light" of the communication workers of the Es:Zgnian
railroad. Avtom., telem.i sviaz? 6 no.4:23-25 Ap ‘6.
(MIRA 15:4)
1. Nachal®nik sluzhby signalizetsii 1 svyaai Estonskoy dorogi.
(Estonia~-Rajlroads--Signaling)
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.ACCESSION ¥R: AT5021775 ' UR/2613/64,/000/026/0045/0053
'AUTHOR: Rebane, L. A. y 5 <
’ ) ST . \l & ‘g /
TITLE: Spectral characteristics of mixed phosphor NaCl-KCl-—Ag - .
ZHAS i

iSOURCE: AN EstSS5R. Institut fiziki i astronomii. Trudy, no. 28, 1964. Issledovaniya_'
po lyuminestsentsii (Research on luminescence), 45-53

’TOPIC TAGS: phosphor, godium chloride, potassium chloride, emission speotrum,
-exoitation spectrum/ SF 4 monochromator
ABSTRA(.T. The emission and excitation spectra of NaGl. «KCl-Ag phosphors were inves-
‘tigated as a function of the ratio NaCl/KCl. The phosphors were prepared in the
.form of polycrystalline cakes by rapid coollng of the salt and activator mixture
‘melt. The 'AgCl content was 2 x 10~2 mol%, whereas the NaCl and KCl contents were
ivariable. The specimens were excited by hydrogen lamps through monochromator-
.spectrophotometer. SF-4, The recorded emission spectra show that decreasing the
‘sodium chloride content shifts the emission bands towards the long wavelength side
:of the spectrum, at the same time increasing their half-widths. This effeot is ‘
shovm in Fig. 1 on the Enclosure, where & is the half width of the emisaion bands. i
"To study the effect of the wavelength of the excitation source on the emission l
’speotr;, the specimens were tested at three wavelengtha with 90% NaCl content. The
{Card 1 3 ) o ) o i
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xresults ghow that the longer wavelength irradiation shifts the emission spectra
. towards the longer wavelengths. To understand the crystal struoture better, experi-',
‘ments were performed at 100K temperatures. A new emission band with a 3.8 eV 55
‘maximum was observed at this temperature. "The author thanks li._]l._Klemen.t_for ;
%evaluating the work and O, I. 8i1'd for valuable suggestions.," Orig. art. has: 5
: ifigu.res. _ Y o5
¥

‘ASSOCIATION: Institut fiziki i astronomii, AN EstSSR (Institute of Physics and

__%?_._‘.V_s*_h_.x_"gnonw, AN EstSSR)

7

| SUBMITTED: 14Jan64 ! ENCL: Of SUB CODE: IC, SS

NO REF SOV: 011 OTHER: 001
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Fig. 1. Location of the maxima (Emax) and

half-width (§) of NaCl.KCl-Ag emission bands
as a function of base component content:

X - lexoit = 220 nm, o0 - ;"axcit = 230 nm |
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5/058/82/000/0065/037/136
AGAY /8101

AiITHORS Lushpa, R. G., Rebane, L. A,
R
Behavicr of spectra and yield with <oncentraticn ir silver-activarad
alkali-halide phosphors

Rﬁferativnyy zhurnal, Fizika, no. 6, 1982, U, sbstract &Vi7h
("Pr. In-ta fiz. i astron. AN EstSSR", 1961, nn. i%, 67 - 110
Engllsh summary) ,

’ The changes of spectrum characteristics and radiative quantum yield
ryital phesphors on MaBr, NaCl, and KCl base when activated by Ag in dkaerent

itrations have been investigated. 1In the case of low Ag concentrations, ths
ST containing one Ag' ion are responsible for luminescencs, At an increasge
ine artivator concentration, lumlnescence centers appear which contain two AK+
imnz, and the radlative quantum yield of centers of the formsr rype drops so muéh
‘rat the sum of the quantum yields of the two centers remains :onstant,- One ﬁore
'/ff.nf centers, the nature of which has not been studied, has teen dizcoverad
“lght Ag concentrations,

f

hov . - 3 M. Mzakst v
LAT-Trattzrs nove: Complsete translaticon | H. Maksimova
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AUTHOR : Rebane, L. A.

TITLE: Effect of the activator concentration on the temperature quenching
oI luminescence in some silver-activated alkali halide phosphors

PERIODICAL: Referativnyy zhurnal, Pizika, no. 8, 19562, 43, abstract 8v297 ////
H
i

("Tr. In-ta fiz. i astron. AN EstSSR", 1961, no. 15, 56 - 80;

2
summary in English)

TEXT: The change with temperature of the quantum yield of luminescence
in NaCl-Ag, MNaBr-Ag, and KCl-Ag phosphors with different activator content has
been investigated. The results are evaluated taking the podssible interaction
between luminescence centers of first and second kind into account.

[Abstracter's note: Complete translation]
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Euzals, L.A,

Concennratlon and tempemture quenching of luminescence in some

alkali halide phospiors activated by silv:r, Izv, AN S3SE,. Ser,.

fiz. 25 no.3:345-346 Mr '€1. (rIna 14:2)
(Phosphors) (Alkali lalides)

APPROVED FOR RELEASE: Tuesday, August 01, 2000 CIA-RDP86-00513R0014445



e R e e DR O T SR S PSR e
- y S R 2 SR B

APPROVED FQR REI,'I_EAS,_E: Tuesday, August 01, 2000

S5z 5‘3:1 SR AR R B SRR RS sm e

S/613 61,/000/014/005/019
D207/D303

AUTHORS: Tushpa, R.G., and Rebane; L. A
tebkelry 0 2

TITLE: Effect of silver activator concentration on the spectra
and yield of alkali-halide phosphors

SQURCE: Akademiya nsuk Estonskoy SSR. Institut fiziki i astrono-
mii, Trudy. No. 14, 1961, Issledovaniya Ppo lyuminest-

sentsii, 87-110

TEXT: The authers repcrt an investigation and interpretation of

the changes on gpectral characteristics and gquantum yield of NaBr:

Ag, NaCl:Ag and KCl:Ag nocurring on increase of the silver content.

The main results of the work were presented at the Ninth All-Union
Conference cn Luminescence in June, 1960, and a summary was pub- —
1ished earlier ty L. Ao Rebane (Ref. 1: Trudy IFA AN ESSR, no.1l,

:0%, 1960;. This work is a continuation of & gsimilar study by the

same muthor ¢f NaCl:Ag with 0.01 ~ 3.0 mol.% Ag (Ref. 2: Trudy IFA

AN ESSR. nc. '2; 49, 1960). NaCl:Ag and NaBr:Ag were prepared ei-
tner as monocrystals (by the Czochralski method) or as polycrystal-
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line ingots (by solidification of melt). Monocrystal series had
0.01, 0,1, 0.3, 0.6, 1.0, 1.3, 1,6, 2.0 and 3.0 mol. % AgBr in
melt; polyecrystal series had ', 3, 7, 10, i5, 20, 25 and 30 mol.%
AgBr. KCl:Ag phosphors were prepared from KC1 and AgCl which were
roorly miscible; only the follcwing AgCl concentrations were used:
0.0%, 0.1, 1,0 and 3.0 mol.% in melt. Absorption, emission and ex-
sitation specira were recorded., In the case of monocrystals the
te-hnique used previously (Ref. 2:0p. cit.) was employed, except
that the atsorption sperira of NaBr:Ag with 1.3 and 1.6 mol.% AgBr
were determined employing Ye. K. Putseyko's technique (Ref. T:
Optika i spektroskopiya,; 3. 665, 1957). G. Fonda's method (Ref.8:
J. Phys. Chem., 43, 574. 1939) was used to determine the quantum
yield of po.yrcrystals 1in powdered form. Excitation was obtained
from a hydrogen lamp BC ,¥-3 (VSFU-3) and a monochromator C(#-H(SF—
4%, The luminescence and the reflected exciting light were analygzed
with the same monochromator SF-4 and a photomultiplier 4; 92—43
(PEU.-18). NaBr:Ag is hygroscecpic; to keep it dry it was smefred
with & thin layer of wax. The principal result of the work was es-
+atlishment of the existence of three types of luminescence centers

Card 2/3
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in all the phosphors: Type I (one Ag' ion), type II (two AGT ions),
type III {(probably Ag atom). As the concentration of silver increa-
sed; itype I cenfers were formed first, then type II and finally
type I1II., In KCl:Ag the presence of one or the other type of center
depended cn previous heat treatment. Acknowledgment is made to F.
D. Klement who suggested the subject and directed the work. There
are 14 figures, 4 tables and 27 references: 19 Soviet-bloc and 9
ron-Soviet-blos. The 4 most recent references to the English-lan-
guage publications read as follcws: H. Etzel and J. Schulman, J.

Chem. Physg, 22, 1549 (1954); R. Onaka, Science of Light (Tokyo),
‘56 {195¢); Y. Uchida, Y. Nakai and T. Tomotika, J. Opt. Soc.
47, no, 3, 24€ (1957); J. Schulman and E. Claffy, Phys. Rev., .

-~

1298 (1958)
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